Introduction
Terminal deletion of chromosome 10p is a rare chromosomal disorder, and two main phenotypes have been defined, depending on the genomic position of the deletion in 10p13-10p14. Deletions or point mutations in glutamyl-aminotransferase-subunit A (GATA3) are responsible for hypoparathyroidism, sensorineural hearing loss, and renal anomalies (HDR syndrome) [1] . Haploinsufficiency of a more proximal region, designated DiGeorge critical region 2 (DGCR2), is associated with congenital cardiac defects and hypo-or aplasia of the thymus or T cell defects [2] . Partial deletions of 10p14-p15 are responsible for a syndrome with a distinct phenotype, comprised of more severe clinical manifestations including severe cognitive disability, language delay, autism, and characteristic clinical features [3] . Recently, a small subgroup of patients with microdeletions in 10p15.3 was defined as having a new microdeletion syndrome characterized by cognitive or neurodevelopmental delay and speech impairments [4] . In addition, 4.3 Mb deletions within 10p14 are associated with autism and characteristic clinical findings [5] .
Here, we report a new case of a 16 Mb deletion at 10p15.3p13 in a Korean neonate, confirmed by chromosomal microarray analysis (CMA).
Case Description
A female infant was born by vaginal delivery at 38 and 2/ 7 weeks of gestation at obstetric clinic. The patient was second child of nonconsanguineous parents. At birth, her weight was 1830 g, length was 43.0 cm, and head circumference was 29.4 cm, all of which were <3rd percentile. From 30 weeks of gestation, intrauterine growth retardation (IUGR) with oligohydramnios was observed.
The baby was transferred to our hospital because of respiratory difficulties shortly after birth. Her facial appearance was "coarse," with a broad nasal root, small mouth with thin upper lips, retromicrognathia and lowset malformed, posteriorly rotated ears, and a disproportionately large head for her face, widely spaced nipples, This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.
overriding fingers and thin, long toes, and clinodactyly were also observed (Fig. 1) . The Ortolani test for screening of developmental dislocation of hip was positive. The initial chest radiograph showed normal lung volumes with mild cardiomegaly. She was initially treated with oxygen due to desaturation. However, endotracheal intubation and mechanical ventilator care were required because of recurrent apneic episodes with desaturation at 12 h after birth. Myoclonic seizures were observed at the time of apnea. Therefore, intravenous phenobarbital administration was started. Routine laboratory investigations were normal. Metabolic and cytogenetic evaluations were performed. Her plasma and urine amino acid profiles and lysosomal enzymes were normal, and analyses of blood and cerebrospinal fluid for herpes simplex, cytomegalovirus, rubella, and toxoplasma were normal. The initial findings for head and spine ultrasonography were negative. Neck sonography revealed thymus hypoplasia. Abdomen and pelvic sonography revealed uterine didelphys, double uterus and cervix, and small-sized both kidneys for the patient's age ( Fig. 2A) . Hip joint sonography revealed subluxation of both hip joints. On 2nd day, echocardiogram showed double outlet right ventricle (DOVR) with huge ventricular septal defect (VSD) measuring 9-10 mm and moderate pulmonary hypertension. A Pavlik harness was applied by the pediatric orthopedist. On the 3rd day, electroencephalogram showed negative findings. Because of the wax and wane of respiratory distress and persistent pulmonary hypertension, mechanical ventilator care was maintained. Enteral nutrition through orogastric tube was well tolerated. Follow-up laboratory tests revealed on-going hypocalcemia. Hypoparathyroidism was suspected, with characteristic findings of hypocalcemia and undetectable or normal serum concentrations of parathyroid hormone (PTH) (serum calcium: 6.6 mg/dL (ref. After repeated intravenous infusions of calcium gluconate solution, low-phosphate formula milk and oral elemental calcium, cholecalciferol, and calcitriol were administered from the 13th day after birth. Brain MRI MRI illustration performed at 13 days revealed patchy diffusion-restrictions in left fronto-parietal white matter and tiny T1WI high-signal foci in right occipital convexity and left posterior fossa (Fig. 2B) . After gradual weaning, extubation was performed at 19 days. On 41th day of birth, brace was removed because follow-up hip sonogram revealed improving of hip joint subluxation. Auditory brainstem response test revealed moderate sensorineural deafness with hearing losses of 80 dB at the mid-and higher frequencies in both ears. A neurologic examination at discharge revealed increased muscle tone and increased deep tendon reflexes. Due to swallowing dysfunction, only orogastric tube feeding was available. At 43th day after birth, she was discharged after instruction of the parents for tube feeding (Tables 1 and 2) .
At follow-up visits 1 and 2 weeks after discharge, the patient's state was unchanged or slightly aggravated. The patient was not able to control her head. Her body weight was 2550 g, length was 50.0 cm, and head circumference was 34.0 cm, all of which were <3rd percentile. A followup electroencephalogram registered normal activity without definite epileptiform discharge, and phenobarbital was therefore discontinued after maintenance therapy for 6 weeks. The patient is scheduled for cardiac surgery in the near future, as well as continued physical therapy and routine follow-up by pediatrics, pediatric orthopedics, rehabilitation medicine, and otorhinolaryngology.
Genetic Testing
Whole blood was used to perform genetic testing. Karyotype analysis revealed a deletion in 10p. Microarray analysis was performed using the CytoScan 750K highresolution genotyping SNP array (Affymetrix, Santa Clara, CA). The array contains >750,436 CNV markers, including 200,436 genotype-able SNP probes and 550,000 nonpolymorphism probes. All data were visualized and analyzed using the Chromosome Analysis Suite (ChAS) software package (Affymetrix, USA). Based on comparison with human reference genome 37 (NCBI37/hg19) at the National Center for Biotechnology, a 16 Mb deletion was identified at 10p15.3p13 [arr 10p15.3p13(100,047-16,314,195)x1] (Fig. 3 ). This deletion with partial monosomy 10p is summarized in Figure 4 .
Discussion
Chromosome 10p terminal deletions have been described in approximately 50 cases to date, since the first description by Elliott et al. in 1970 [3, 6-12] . Two distinct phenotypes associated with 10p13-10p14 have been defined, which depend on location of the deletion. Haploinsufficiency of a region located distal to 10p14 designated HDR1 is responsible for HDR syndrome, while more centromeric deletions are associated with what has been called "DiGeorge syndrome 2 (DGS2)". Characteristic clinical findings in affected individuals with DGS2 are cardiac defects and thymus hypo/aplasia or T cell defects [5] . HDR syndrome (OMIM#146255), also known as Barakat syndrome [13] , is autosomal dominant. GATA3 (OMIM#131320), which is located within the band 10p14, has been identified as responsible for the phenotype of HDR syndrome. This gene was shown to be essential in the embryonic development of parathyroid glands, auditory system, kidneys, thymus, and central nervous system [2, 14] . Sensorineural hearing loss, which is observed in all affected infants, seems to be caused by haploinsufficiency and/or mutations of GATA 3 [15] [16] [17] . The DiGeorge anomaly, also called DiGeorge syndrome (DGS, OMIM#199400), is a congenital developmental disorder including cardiac defects, thymus hypoplasia/aplasia, and facial dysmorphism. Classic DGS is caused by a microdeletion of 22q11.2 and accounts for more than half of all cases. With much lower frequency, terminal deletion in 10p13-14 is another cause of DiGeorge anomaly and is defined as DGS2. Congenital cardiac defects and thymus hypoplasia/aplasia are the main clinical features of DGS2 (OMIM#601362), and its critical region has been proposed to be between the D10S547 and D10S585 Figure 1 . Photographs of the patient. A broad nasal root, small mouth with thin upper lips, retromicrognathia and low-set malformed posteriorly rotated ears, and a disproportionately large head for her face were observed, along with widely spaced nipples, overriding fingers, and thin, long toes, and clinodactyly. markers (genomic position 10.6-11.3 Mb from the 10p-telomere) [8] . Although CUCBP2 has been proposed as a candidate gene for the phenotype of DGS2, there is no evidence to support it [10] . The DGS2 phenotype is reported to be more severe than that of the regular 22q11.2 deletion syndrome, including significant cognitive disability and immune deficiency, as well as cardiac defects [18] .
By reviewing a total of 14 patients with overlapping 10p deletions, Lindstrand et al. revealed that partial deletions of 10p14-15 represent a syndrome with a distinct phenotype and identified a 1.6 Mb region of 10p15.3 that is associated with cognitive disability and language impairment, as well as a second region of 4.3 Mb in 10p14 that is associated with autism and characteristic clinical features. Both of these regions are located outside the previously reported critical region of DGS2 [3] .
Microdeletion syndrome 10p15.3 has only recently been described in a small number of patients. Because only 25 cases of microdeletion syndrome 10p15.3 have been reported to date [3, 19, 20] and clinical data were obtained for only 17 of the 23 published cases, extremely limited information is available for clinical phenotype.
Microdeletion syndrome 10p15.3 has common phenotypes including cognitive/behavioral delay, language impairments, motor delay, craniofacial dysmorphism, brain anomalies, and seizures. Zinc finger MYND domain containing protein (ZMYND11, OMIM #608668) is also called BS69 has a splicing variant named BRAM1. ZMYND11 is localized in the nucleus while BRAM1 is localized in the cytoplasm. ZMYND11 is expressed in various human tissues, including the brain. Several patients with a microdeletion of 10p15.3 involving ZMYND11 have been reported [4, 21] . It has been suggested that ZMYND11 mutations might be causative of intellectual disability [4] . Facial dysmorphism is also a prominent feature of microdeletion syndrome 10p15.3. Affected infants have a characteristic dysmorphology including a large forehead, bristly hair, short and down-slanting palpebral fissures, hypertelorism, wide intercanthal distance, epicanthal folds, a flat nose, a high curved palate and low-set, malformed, posteriorly rotated ears, and a small mouth.
The combined information from the present and previous reported cases support that the partial deletion 10p13-p15 constitutes a contiguous gene syndrome. This patient carries deletions of several critical parts of the 
above-mentioned region. First, this patient's deletion encompasses both the HDR and DGS2 critical regions. Thus, our patient shows a variety of clinical features of HDR syndrome and DGS2, including hypoparathyroidism, hearing loss, cardiac anomaly, and thymus hypoplasia. In addition, both critical regions (the 4.3 Mb of 10p14, which is associated with autism and dysmorphic face, and the 1.6 Mb in 10p15.3, which is associated with cognitive disability and language delay), are also involved. Genitourinary tract evaluation revealed uterine didelphys, double uterus, and double cervix and relatively small kidneys measuring 3.3 cm for term neonates. Urinary tract anomalies have already been reported in each of the three previously published cases (hydronephrosis in patient 2 and hypospadias in patient 5, described by DeScipio et al., and small kidneys with vesico-urethral reflux in patient described by Fernandez et al.) [4, 22] . Specific neurologic manifestations Renal hypo-dysplasia/aplasia 1 #191830 involving 10p14-p15 have yet to be determined because the patient is still very young age. However, adverse neurologic outcomes are expected based on the test results and clinical course to date. To the best of our knowledge, this is the largest deletion in chromosome 10p reported to date. This patient presented with a severe phenotype in the early neonatal period, and this is the first case to be diagnosed in the neonatal period, in contrast to most cases, which are diagnosed after the neonatal period due to progressive developmental delay. 
